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High Granularity Timing Detector (HGTD)
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LGAD i [a] B Tt

Conventional PIN diode

Low Gain Avalanche Diode
LGAD: P+ gain layer on top of PIN diode

Cathode GR

’—l > B N++ f—
n++-p diOde n++—p+—p ’ P+ Gain Layer o
L N R m
1 - oh
- bUIk ./ — bulk / Decpli:;ioan :gi
p ’, p l, avalanche (Active layer)
0.5'15 kQ cm ! 0.5'15 kQ cm "‘ . e . p-type Bulk
J multiplication

*5’\ Signal ,’?
» Modest gain (10-50) 5 &3

* Modest gain to increase S/N Best /N ratio |

"""""" jf============ Electronic noise
* High S/N, no self-triggering (gain independent)
- - lb ’ 1(I)0 1OIOO >
» Thin active layer Gain
: : .. : 1, «QGal
 Reduce Landau contribution caused by ionization - - My e

* High drift velocity and decrease t,;,
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IHEP LGAD #iff & B 6]

IHEP-NDL (2019)

IHEP-IMEv1 (2020.9)

F

Mass production
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AR RN TR X Single Event Burnout (SEB)
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LGAD HMFE =150
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SLAC SMU

HGTD # | g5 1=k

O - a Institute of High Energy Physics
b Chinese Academy of Sciences

A pecaain
s € Saion
5 B
4 3
57 1,
(s Y 5
|3
\3 5/
< & o
5> c

> —PHGTDHERBEHE A hybridFl— Flexible -PCB
 Hybrid: 15X15 LGAD + 15X 15 ALTIROC ASIC

»&HAALTIROC F225 FiimiRiE, SN EEER:
* BIERKRE + TAIZF+TDC*2
« WA TDC (Time to Digital Converter) 1255 & i £33
* Time of Arrival (TOA) : Range of 2.5 ns and a bin of 20 ps (7 bits)
* Time Over Threshold (TOT) : range of 20 ns and a bin of 40 ps (9 bits)

Hit Flag
| G=20
\
N
[ Vout_pa -
i § L)-T)— ;‘
N\
. 9ToA

|

= H TOT TDC

" | ! Range = 20 ns

I jj iy e ER R Bin = 40 ps

|

Detector : > I l
.—‘——-—| ; Arming / ToT TOATDC

: e | Discriminator Range =2.5ns

m?) \Preamplifier Bin =20 ps

HV wire-bonding

HGTDME RGN ALTIROC #i&ii%it ALTIROC &7t 11
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HGTD # | g5 1=k
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HGTD # | g5 1=k
~HGTDI H B EE8032/ 15 M| 2§81k
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\

Occupancy FMO02

Module :
flex AR

Flex adapter
card

Picking tool Picking dummy sensor Placing dummy sensor Picking flex
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HGTD #R#% 8 7T

> SR AHDTD#IEH & — ALTIROCS3 + LGAD E¥MgEHE 5t (Detector Unit)

« Use Gantry system to position all 15 modules and glue dispending
* Delivered to CERN, and passed reception tests

Dlspensmg with GIumgTooI Put the support unit Backside view after removal ~ Detector unit shipped to CERN

- Module threshold scan obtained in demonstrator test

HV, LV, Cooling plate prototype 14

Electronics : PEB 1F + flex tails + 54 modules mounted on 4 support units (detector unit) .-
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2. LGAD for Future Collider AC-LGAD &t

LGﬁ?“hlf,s'P_“ﬁ‘C'LGAD AC-LGAD: two layout schemes for AC-pads

e _k N\ AC-pad

+ Gain ‘ \,
el
3 T h ———
LGAD
Depletion region H ,"’ s A
(Active layer) I '
- i Hit point
p-type Bulk %\ \s\"' /
~— P
- ,',
td
Anode ===
a

AC pad
DC cathode I Ce'sctric p_
N
+
+ Gain Layer P t h

JTE JTE

!
e ACLGAD H B B

p-type Bulk

e Pixels AC-LGAD:
» LGAD: The read-out electronics is connected to n++ layer * Position information: 1 layer (x,y)
* Dead zone : JTE. P-stop * Bump bonding
» AC-LGAD: Metal AC-pads separated from the n+ layer _
by a thin dielectric (Si;N,, SiO,) Strips AC-LGAD: | |
. No dead zone (100 % fill factor) * Lower readout density, no bump bonding

~= * Time resolution ~30 ps, spatial resolution ~10 um ° Positioninformation: 2 layers for (xy)
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AC-LGADHI AT =

CEPC will produce 10*?Z boson at Z pole: Rich flavor physics

Particle separation problems of Gas detector (dE/dx) for flavor physics:
- 0.5-2 GeV for K/pi separation, >1.5 GeV for K/p separation

CEPC International Advisory Committee: one of the key recommendations '

10
o g K/n dE/dx
7; \
8 \ — - K/n TOF
— K/n dE/dx+TOF
i
4f ) =
3 \. :
3: g n -
2 ? ‘\‘\ \\‘\ ] 1
1; S|
10?
z

Precision timing detector should be determined as a matter of urgency (4D tra (l;< /C)
Timing detector is complementary to gas detector: improves the separation ability
0 - 4 GeV for K/pi separation, 0 — 8 GeV for K/p separation

/ B FXHEYLSCR

LTB: Linac to Booster
BTC: Booster to Collider Ring

Super Synchrotron, S
Medium-Stage Synchrotron, MSS
Rapid Cycling Synchrotron, p-RSC

Booste

N
PpC Collider Ring

A [B] - (2R M 85 1% 1T

Time-Tracker

Barrel

CEPC Detectoruty

R AR ER T \

bonding
PCB
B Strip LGAD
b PCB

.
.
.
.
o
.
o

(1]

PRAEERLI T e K/p dE/dx

b =

8" — - K/p TOF

Zg \ | — Kip dE/dx+TOF

\

4

3

2f Nt

1 ; A ;\ ~

) 1 10 10°
p (GeV/c)

Wire

2955555

K CEPC circumference 100 Km
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AC-LGADHI AT =

ﬁectron-lon Collider (EIC): Timing-tracker

Barrel AC-LGAD detector

e

Hadron endcap AC-LGAD detector

10.9 m? 2.2

@v

Nuclear Medicine Instruments:
Such as proton therapy and proton CT

position+time position+time time

2225
|||||||||
.......

B85 58 58 et W
£ Proton beam
4 b
a3 RE ez a1 1 < P |
-

2.5m <« —p

0.5-1m

D2 N /

| 01

2 m2 /

/X-ray detectors @ advanced photon sources \

> W

e

HEPS @ Beijing __  :

? SE

Hp

(0))
A
()
<
\
/
A
Q
-
~

NE

aE

et
MM(*

%
S D S R
e

other applications

* Beam Telescope for Beam Test Platform

* LIDAR: Positioning and Navigation

* Track and time detectors in other particle
physics and nuclear physics experiments
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Time-tracker ¥EB#F 1% 1t

N

Strip AC-LGAD + ASIC :

 TOT->amplitude/charge sharing->position

* TOA+TOT->timing (T-A correction)

Time-Tracker Barrel Parameters

Area (m?)

Radius

Length

Granularity

Channel number
MIP Time resolution
Spatial resolution

~ 70 m?

1.8m

5.8m

70mm x 0.1mm

~ 1x107 channels
~50 ps

~ 10 um (R-®)
~ 1 mm (R-Z direction)

Preliminary Barrel Design
18
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Time-tracker #HEB #1511

» Double layers to reduce the dead area

e 24 petals/layer
Disk petals/lay

Area (m?)

Radius

Granularity

Channel number
MIP Time resolution
Spatial resolution

* Petals: R 400 mm - 1800 mm

End-Ca D Parameters

~ 9.7 m?

0.4-1.8m

140mm x 0.1mm

~ 1x108 channels
~50 ps

~ 10 um (o)
~ 1 mm (R direction)

19
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IHEP AC-LGAD fiff

DC cathode dielectric AC pad
| N\ |
N+
P+ Gain Layer
JTE Lt
e ®y
Depletion region
(Active layer)
p-type Bulk ‘ T :

Anode

AC-coupled LGAD

Pico-second 3D platform

Synchronous pulse
y P Focuser

. Pre-amplifier DUT LGAD
Signal

Readout board

K7Amplifier

t
Oscilloscope — Data analysis

ty, trigger

Pixels AC-LGAD:
* Pitch size 2000um
* pad size 1000um

Strips AC-LGAD:
* Strip length 5.6mm,

Strips AC-LGAD Pixels AC-LGAD  « Dijfferent Pitch size:

Picosecond S
laser 1064nm k-

Picosecond laser scanning system

e 150um. 200um. 250um

Picosecond laser scanning system
* Displacement accuracy 1 um

* Automated scanning

* Picosecond laser 1064nm

* Spot size 2~5 um

20
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Performance of pixel-AC-LGAD

Signal Waveforms @ hit a and b

= SUE ] >
e o 4-A1 AC-LGAD é
< YF ~ Padl °
'g C Pad2 'g
£ F Pad3 £
o - o
£ : Pad4 £
< - <
= N S
—10F >
_ :...-Innnul|||||||||||||||||||||||||||||
202 3 4 5 6 7 8 9 10
Time [ns]
E300F © Laserspotposition 1 Reconstruction position 3 540; L A AL B
; s &5 g o a1 < = 35 F  <° Measured results o E
200F 1 E°F o e S
E o . & i . E § Estimated results E
100 4 z30F E
- S O S s SR« 1 = .
L u = -
0F 94 £ 25F B
. B o & 1 & F .
~100f = >0k % 3
o o @ & o ]
~200f = Y
F e & & B 15§<>< B
-300F - X ]
N REEEE PR P PR P P [ e e ——— e S . T —
—300 —200 —100 O 100 200 _300 0 2 4 6 8 191 12
X [um] N+ dose [P]

Reconstructed 6x6 positions

Spatial resolution Vs. N+ dose

S0

-20LC
2 3 4 5 6 71 8 9

-10F

4-A1 AC-LGAD
—— Padl
—— Pad2
Pad3
— Pad4

10
Time [ns]

interpad

o}

(X0 Yo)

B

Discretized
Positioning Circuit
model (DPC)

Spatial resolution :

Uspatial = Oreconstruction—laser

Lower N + dose has higher resistivity and larger
attenuation factor, ->better spatial resolution
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Performance of strip-AC-LGAD

0.05]— | TJ[' i i
o LE oo 2 reconstructed position o115 i 12 s
) & 3 . 2::3: :i 004:_ \ Gap 2100 um.Sigmfull)B p.m__
[ i ”  ‘uE E R Ampg : _ ]
2 e = — S o003 —
R s Z Ampr + Ampo T -
0.4 E (') 4'0 Possiltion ] 1'20 1I60 2500 R g 0.02 :— —:
— C 2 r :
:zéz A 1I Amp 2 | :é x — 0'01:_ _:
E 235: o mp 1 - p :% kR : :
:%: 105— —E 0 S
. VE = oo b b b e b b b Y
2 10 = — —40 -30 -20 -10 0 10 20 30 40
jz é: :é Recon-Laser [um]
° T ositon im Position reconstruction:
* The fraction of the signal (#) changes linearly with the
b movement of the laser.
o ®sssssssssssessesnsssene * Good consistency between the reconstruction position and
oA the laser position
N Laser Position  The smaller the pitch size, the better the spatial resolution
—U‘aE— ® Reconstruction
E | | | | | | | Spatial resolution : 8.3 um @ 150 um pitch
- 40 = 60 — 80 = I100J J I120l I l14L'JI L l16(‘)I J J18(‘)
reconstructed positions 22
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Performance of strip-AC-LGAD

Jitter tested by laser Time resolution
tested by beta source Timing resolution of Trigger
S BLELELELES B B UL B L B
307£- ] [T T | LI | T 1T | T 1T | T T | T T T 1 | T T /

! | - : 2T

: e Gapl 150 pm : 70:_ _: AT N T . _ Zlal TI

I ] - Sigma: 47.1 . — ~rigger Y. 2
_ 250 Gap 2 100 pum — 6ol B ‘\ ,ai
= i 4 1+ Gap3 50 pm ) E Beta test ;
§ i P * 50 7 Timing resolution
: 20k laser test | I :
% i 1 T 40 - Weighted timing resolution of
E - . z C N three strip electrodes
= i T 30 -
=150 ‘ - - .

i . 201~ - . _

. . - - Sigma At = 47.1 ps

10— “, Ct 10/ E Sigma AC-strip : 37.5 ps
_I 111 | J 1 11 1 I | I ‘ 1111 l 111 | | I‘.I 11 | I_ : :
10 15 20 25 30 35 40 07 I I IR BN AR A L ml1]
SNR 1.9 2 21 2.2 2.3 24 2.5

Time [ns]

« No significant change in timing resolution was observed among different pitches

« Timing resolution improves as increasing in SNR, same trend as in spatial resolution
« Timing resolution 37.5 ps (Beta source test). 2 _ 2 2 2
g p ( ) Ot = OTimeW alk + O Landau + O Jitter
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FEHEATLAS HGTD InHAR G ESH(
> =aePr. BIKBEHFIE~EIR LGAD FillgZ, REEXHE
- SEeFTRSENZFH1» (CERN) IEIBﬂ”h%J“@E’JﬂE
- HEAGSSEPIILGADEEEF
. SHEEPR-YEFAR: 90% (66% CERNEM + 24%C¥57k)
- hARIK-tHEBFAT: 10% SE¥5EEK
- RIFEE~EEREEIFAIEEIRH
> FENESIELR: SHEFR. FIKIGHEZE ~ 4000/0MEER, HIRE45%
> SMERRES: SEEFR. BAESTINEBIERINEITSHETE
> 20245E 7 BFALGADSE Y=

AC-LGAD : FBIgY4DIFMIZE (BYE)+=2F) : Pixel, Strip
B ETFstrip AC-LGAD HBJEEEF NS 2CEPCRIRER K
B HRisatrrbRdstrip AC-LGAD =@ iy 8 um, Hjlﬁlﬁﬁ¥""37ps

B AC-LGAD#EA th#E3EE EICSEE%iF AT adE -2 RN zZa0iES

B |HEP AC-LGAD fff5z#ikl: TSk, B|i< strip . FoHEEFE. SRR, ..
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